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SYSTEM ARCHITECTURE FOR OPERATION
OF AIRCRAFT FLAPS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to European Patent Appli-
cation No. 21275155.6 filed Nov. 3, 2021, the entire contents

of which 1s incorporated herein by reference.

FIELD

The present disclosure relates to system architecture for
an aircraft. In particular, the present disclosure related to a
system electrical architecture for operation of aircraft tlaps.

BACKGROUND

Individual flap panels on aircraft wings require two motor
drive units to operate the individual flap panels. Therefore,
cight motor drive units are required per aircrait in order to
ensure all flap panels can be operated in the event of
clectronic failures.

SUMMARY

There 1s provided a system architecture for operation of
aircraft tlaps. The system architecture includes a first pair of
motor drive units, the first pair comprising a first motor drive
unit and a second motor drive unit, and a second pair of
motor drive units, the second pair comprising a third motor
drive unit and a fourth motor drive unit. The system archi-
tecture further includes a first plurality of switches con-
nected between the first motor drive unit and the second
motor drive unit, said first plurality of switches configured
to operate a first electric motor and a second electric motor,
and a second plurality of switches connected between the
third motor drive unit and the fourth motor drive unit, said
second plurality of switches configured to operate a third
clectric motor and a fourth electric motor.

The first motor drive umit and the second motor drive unit
may be connected 1n series, and the first plurality of switches
may include a first switch, a second switch, a third switch
and a fourth switch. The first switch and the second switch
may be arranged in parallel with the third switch and the
fourth switch. The first electric motor may be connected
between the first switch and the second switch, and the
second motor may be connected between the third switch
and the fourth switch. The first electric motor may further be
configured to operate a left hand outboard tlap panel and the
second electric motor may be configured to operate a left
hand 1nboard flap panel.

The third motor drive unit and the fourth motor drive unit
may be connected 1n series, and the second plurality of
switches may include a fifth switch, a sixth switch, a seventh
switch and an eighth switch. The fifth switch and the sixth
switch may be arranged 1n parallel with the seventh switch
and the eighth switch. The third electric motor may be
connected between the fifth switch and the sixth switch, and
the fourth motor may be connected between the seventh
switch and the eighth switch. The third electric motor may
be configured to operate a right hand inboard flap panel and
the fourth electric motor may be configured to operate a right
hand outboard flap panel.

There 1s also provided an aircraft that includes a lett hand
outboard flap panel, a left hand inboard flap panel, a right
hand inboard flap panel, and a right hand outboard flap
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panel. The aircrait also mcludes the system architecture as
described above. The first electric motor may be configured
to operate a left hand outboard flap panel and the second
clectric motor may be configured to operate a left hand
inboard tlap panel. The third electric motor may be config-
ured to operate a right hand 1nboard flap panel and the fourth
clectric motor may be configured to operate a right hand
outboard flap panel.

There 1s further provided a method of operation of aircrait
flaps. The method includes providing a first pair of motor
drive units, the first pair comprising a first motor drive unit
and a second motor drive unit, providing a second pair of
motor drive units, the second pair comprising a third motor
drive unit and a fourth motor drive unit, providing a first
plurality of switches connected between the first motor drive
unit and the second motor drive unit, said first plurality of
switches configured to operate a first electric motor and a
second electric motor, and providing a second plurality of
switches connected between the third motor drive unit and
the fourth motor drive unit, said second plurality of switches
configured to operate a third electric motor and a fourth
clectric motor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an example of an ordinary system archi-
tecture for a distributed lift system of an aircrait and
operation of aircraft flaps.

FIG. 2a shows an example of a system architecture in
accordance with this disclosure.

FIG. 2b shows an example of the system architecture of
FIG. 2a 1n use.

FIG. 2¢ shows an example of the system architecture of
FIG. 2a during a failure.

FIG. 24 shows an example of the system architecture of
FIG. 2a during the failure.

FIG. 2e shows an example of the system architecture of
FIG. 2a during a turther failure.

DETAILED DESCRIPTION

FIG. 1 shows an example of an ordinary system archi-
tecture for operation of aircrait flaps. As can be seen 1n FIG.
1, there are provided two motor drive units for each tlap
panel. For example, on the leit hand side wing of the aircraft,
there 1s provided an outboard flap panel (flap panel 2) with
two motor drive units MD1 and MD2 to operate the left hand
side outboard flap panel. There 1s also provided a left hand
side mboard flap panel (flap panel 1) with two motor drnive
units MD3 and MD4 to operate the leit hand side inboard
flap panel. On the right hand side wing, there 1s provided a
right hand side inboard panel (flap panel 1) with a further
two motor drive units MD5 and MDé6 to operate the right
hand side inboard flap panel. There 1s also provided a right
hand side outboard flap panel (flap panel 2) with a further
two motor drive units MD7 and MD8 to operate the right
hand side outboard flap panel. As an example, each flap
panel 1s operated by two motor drive units, which results in
a total of eight motor drive units along the wings to operate
the four tlap panels. This 1s expensive and weighty for an
aircraft. Further, 1f there 1s a failure 1n the motor drive unaits,
there 1s a risk that the flap panels will not operate at all. For
example, 1f MD3 and MD4 fail, the leit hand side mboard
tflap panel will not operate, which can lead to consequences
for the tlight crew.

FIG. 2a shows a system architecture 20 in accordance
with the present disclosure. The system architecture 20
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generally allows for fail safe mechanisms during operation
of the flap panels. As shown i FIG. 2a, there may be
provided a first motor drive unit MD1 connected 1n series
with a second motor drive unit MD3. Connected between the
first motor drive unit MD1 and second motor drive unit MD3
1s a plurality of switches SW1, SW2, SW5 and SW6. As
shown 1n FIG. 2a, a first switch SW1 and a second switch
SWS3 are 1n parallel with a third switch SW2 and a fourth
switch SW6, and all of these switches SW1, SW2, SWS5,
SW6 are connected to the first motor drive unit MD1 and the
second motor drive unit MD3. A first electric motor 201 for
operation of a left hand outboard flap panel 1s shown
connected between the first and second switches SW1 and
SWS. A second electric motor 202 for operation of a left

hand mboard flap panel 1s shown connected between the
third and fourth switches SW2 and SW6. All of the first,

second, third and fourth switches SW1, SW5, SW2 and SW6
are shown to be open.

As shown in FIG. 24, there may be provided a third motor
drive unit MD2 connected 1n series with a fourth motor drive
unit MD4. Connected between the third motor drive umit
MD2 and fourth motor drive unit MD4 1s a plurality of
switches SW3, SW4, SW7 and SW8. As shown 1n FIG. 24,
a fifth switch SW3 and a sixth switch SW7 are in parallel
with a seventh switch SW4 and an eighth switch SW8, and
all of these switches SW3, SW4, SW7, SWS8 are connected
to the third motor drive unit MD2 and the fourth motor drive
unit MD4. A third electric motor 203 for operation of a right
hand mboard flap panel 1s shown connected between the
fifth and sixth switches SW3 and SW7. A fourth electric
motor 204 for operation of a right hand outboard flap panel

1s shown connected between the seventh and eighth switches
SW4 and SW8. All of the fifth, sixth, seventh and eighth

switches SW3, SW7, SW4 and SW8 are shown to be open.

In the example shown 1n FIG. 2a, all of the flap panels can
be controlled by a system architecture that has only four
motor drive units.

FIG. 26 shows an example of the system architecture of
FIG. 2a during a safe operation. As can be seen i FIG. 25,
the first switch SW1 and the fourth switch SW6 are closed
such that the first motor drive unit MD1 and second motor
drive unit MD3 can operate the electric motors 201 and 202.
Theretfore, the first motor drive unit MD1 and the second
motor drive umit MD3 are able to operate the left hand side
inboard and outboard flap panels. Similarly, the fifth switch
SW3 and the eighth switch SW8 are closed such that the
third motor drive unit MD2 and fourth motor drive unit MD4
can operate the electric motors 203 and 204. Therefore, the
third motor drive unit MD2 and the fourth motor drive umit
MD4 are able to operate the right hand side inboard and
outboard flap panels.

FIG. 2¢ shows an example of the system architecture of
FIG. 2a during a failure event 1in which the left hand side
inboard panel and right hand side inboard panel can operate
as normal. As an example shown 1n FIG. 2¢, the first motor
drive unit MD1 has failed. As can be seen 1in FIG. 2¢, the left
hand inboard flap panel can be operated by closing the fourth
switch SW6 and operating the second electric motor 202 for
the leit hand inboard flap panel via the second motor drive
unit MD3. The right hand side immboard flap panel 1s unat-
tected by the failure of the first motor drive unit MD1 and,
as shown 1n FIG. 2¢, the sixth switch SW7 can be closed so
as to operate the third electric motor 203 for the right hand
inboard tlap panel.

FI1G. 2d shows an example of the system architecture of
FIG. 2a during a failure event 1in which the left hand side
outboard panel and right hand side outboard panel can
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operate as normal. As an example shown 1n FIG. 24, the first
motor drive unit MD1 has failed. As can be seen in FIG. 24,
the left hand outboard flap panel can be operated by closing
the second switch SW5 and operating the first electric motor
201 for the left hand outboard flap panel via the second
motor drive unit MD3. The right hand side outboard flap
panel 1s unaifl

ected by the failure of the first motor drive unit
MD1 and, as shown 1n FIG. 2d, the eighth switch SW8 can
be closed so as to operate the fourth electric motor 204 for
the right hand outboard tlap panel.

FIG. 2e shows an example of the system architecture of
FIG. 2a during a failure event 1in which the left hand side
outboard panel and right hand side outboard panel can
operate as normal. As an example shown 1n FIG. 2e, the first
motor drive umit MD1 and the first switch SW1 have failed.
As can be seen 1n FIG. 2e, the left hand outboard flap panel
can be operated by closing the second switch SW5 and
operating the first electric motor 201 for the leit hand
outboard flap panel via the second motor drive unit MD3.
The right hand side outboard flap panel 1s unatlected by the
tailure of the first motor drive umit MD1 and the first switch
SW1, and as shown 1n FIG. 2¢, the eighth switch SW8 can
be closed so as to operate the fourth electric motor 204 for
the right hand outboard tlap panel.

The examples of failures shown in FIGS. 2¢ to 2e are
merely examples. It 1s understood that 1f the second motor
drive unit MD3 f{fails, then the first motor drive unit MD1
could operate the inboard and outboard flap panels by
closing the first and third switches SW1 and SW2 to operate
the first and second electric motors 201 and 202. Similarly,
it the third motor drive unmit MD2 {fails, the fourth motor
drive unit MD4 can operate the inboard and outboard flap
panels by closing the sixth and eighth switches SW7 and
SW8 to operate the third and fourth electric motors 203 and
204. It any of the switches fail, as an example, the current
could be re-routed to drive any of the electric motors from
the pairs of motor drive units (e.g. motor drive units MD1
and MD3 as one pair and MD2 and MD4 as another pair).

Likewise, if there are more than one failure 1n the system,
the system architecture provides for an electrical routing for
the flaps to be operated. For example, 11 the first motor drive
unit MD1 and the third motor drive unit MD?2 both fail, the
second motor drive unit MD3 and the fourth motor drive unit
MD4 may operate the switches. For example, the second
motor drive unit MD3 may operate the second switch SW3
and fourth switch SW6 and the fourth motor drive unit MD4
may operate the sixth switch SW7 and the eighth switch
SW8. Therefore, the inboard and outboard flap panels may
still be operated even in the event of a dual failure of motor
drive unaits.

Reducing the number of motor drive units required in
operations of flap panels for aircraft from eight to four
significantly reduces the complexity and weight of the
system architecture, and provides a fail-safe mechanism
should one or more motor drive units fail during flight by
utilising switches within the system architecture.

Although this disclosure has been described 1n terms of
preferred examples, 1t should be understood that these
examples are 1illustrative only and that the claims are not
limited to those examples. Those skilled in the art will be
able to make modifications and alternatives in view of the
disclosure which are contemplated as falling within the
scope of the appended claims.

The mvention claimed 1s:
1. A system architecture for operation of aircraft tlaps, the
system architecture comprising:
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a first pair of motor drive units, the first pair comprising
a first motor drive unit (MD1) and a second motor drive
umt (MD3) connected 1n series;

a second pair of motor drive units, the second pair
comprising a third motor drive unit (MD2) and a fourth
motor drive unit (MD4);

a first plurality of switches connected between the first
motor drive unit (MD1) and the second motor drive
umt (MD3), said first plurality of switches configured
to operate a first electric motor and a second electric

motor, wherein the first plurality of switches comprises
a first switch (SW1), a second switch (SW3), a third

switch (SW2) and a fourth switch (SW6), and wherein
the first switch (SW1) and the second switch (SW5) are
arranged 1n parallel with the third switch (SW2) and the
fourth switch (SWé); and

a second plurality of switches connected between the third

motor drive unit (MD2) and the fourth motor drive unit
(MD4), said second plurality of switches configured to
operate a third electric motor and a fourth electric
motor;

wherein the first electric motor (201) 1s connected to the

first switch (SW1) and to the second switch (SW3), and
wherein the second motor (202) 1s connected to the third
switch (SW2) and to the fourth switch (SWé6).

2. The system architecture of claim 1, wherein the first
clectric motor 1s configured to operate a left hand outboard
tflap panel, and

wherein the second electric motor 1s configured to operate

a left hand board flap panel.

3. The system architecture of claim 1, wherein the third
motor drive unit (MD2) and the fourth motor drive umit
(MD4) are connected 1n series, and

wherein the second plurality of switches comprises a fifth

switch (SW3), a sixth switch (SW7), a seventh switch
(SW4) and an eighth switch (SW8).

4. The system architecture of claim 3, wherein the fifth
switch (SW3) and the sixth switch (SW7) are arranged 1n
parallel with the seventh switch (SW4) and the eighth switch
(SW8).

5. The system architecture of claim 4, wherein the third
clectric motor 1s connected between the fifth switch (SW3)
and the sixth switch (SW7), and

wherein the fourth motor 1s connected to the seventh

switch (SW4) and to the eighth switch (SW8).

6. The system architecture of claim 35, wherein the third
clectric motor 1s configured to operate a right hand immboard
flap panel and wherein the fourth electric motor 1s config-
ured to operate a right hand outboard flap panel.

7. An aircraft comprising:

a left hand outboard flap panel;

a left hand inboard flap panel;

a right hand inboard flap panel;

a right hand outboard flap panel;

the system architecture of claam 1, wherein the first

clectric motor 1s configured to operate a left hand
outboard flap panel and wherein the second electric
motor 1s configured to operate a left hand inboard flap
panel; and
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wherein the third electric motor 1s configured to operate a
right hand 1nboard flap panel and wherein the fourth
clectric motor 1s configured to operate a right hand
outboard flap panel.

8. A method of operation of aircrait flaps, the method

comprising;

providing a {irst pair of motor drive units, the first pair
comprising a first motor drive unit (MD1) and a second
motor drive unit (MD3);

providing a second pair ol motor drive units, the second
pair comprising a third motor drive unit (MD2) and a
fourth motor drive unit (MD4);

providing a first plurality of switches connected between
the first motor drive unit (MD1) and the second motor
drive unit (MD3), said first plurality of switches con-
figured to operate a first electric motor and a second
electric motor;

providing a second plurality of switches connected
between the third motor drive unit (MD2) and the
fourth motor drive unit (MD4), said second plurality of
switches configured to operate a third electric motor
and a fourth electric motor;

wherein the first motor drive unit (IMD1) and the second
motor drive unit (MD3) are connected 1n series, and

wherein the first plurality of switches comprises a first
switch (SW1), a second switch (SW5), a third switch

(SW2) and a fourth switch (SWé6);

wherein the first switch (SW1) and the second switch
(SWS) are arranged in parallel with the third switch
(SW2) and the fourth switch (SW6); and

wherein the first electric motor 1s connected to the first
switch (SW1) and to the second switch (SWS), and
wherein the second motor 1s connected to the third
switch (SW2) and to the fourth switch (SWé6).
9. The method of claim 8,
wherein the third motor drive unit (MD2) and the fourth
motor drive unit (MD4) are connected 1n series, and
wherein the second plurality of switches comprises a
fitth switch (SW3), a sixth switch (SW7), a seventh
switch (SW4) and an eighth switch (SW8).
10. The method of claim 9,
wheremn the fifth switch (SW3) and the sixth switch
(SW7) are arranged 1n parallel with the seventh switch
(SW4) and the eighth switch (SW8).

11. The method of claim 10,

wherein the third electric motor 1s connected to the fifth
switch (SW3) and to the sixth switch (SW7), and
wherein the fourth motor 1s connected to the seventh
switch (SW4) and the to eighth switch (SW8).

12. The method of claim 11, wherein the first electric
motor 1s configured to operate a leit hand outboard tlap panel
and wherein the second electric motor 1s configured to
operate a left hand inboard flap panel; or

wherein the third electric motor 1s configured to operate a

right hand 1nboard flap panel and wherein the fourth
clectric motor 1s configured to operate a right hand
outboard flap panel.
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